1. Background {#sec106302}
=============

Human Hepatitis B Virus (HBV) is the prototype for a family of viruses referred as the hepadnaviridae. These viruses infect hepatocytes, the only confirmed site of replication for all members of this family ([@A28315R1], [@A28315R2]). Chronic Hepatitis B (CHB) is an ongoing serious infection that causes the development of necroinflammatory liver disease and subsequent fluctuation in liver enzyme levels. To be diagnosed with CHB, a titer of hepatitis B surface Antigen (HBsAg) is measured and often patients have detectable serum HBV DNA, while the hepatitis B e antigen while HBeAg (the extracellular form of HBcAg) is usually absent ([@A28315R3], [@A28315R4]). Resolution of the HBV infection is mainly related to the interplay between the virus and the complex interactions between host innate and adaptive immune responses ([@A28315R2]). Antiviral immunity is strongly associated with the function of plasmacytoid dendritic cells (pDCs) and natural killer or NK cells as the first line defense and non-specific immune responses ([@A28315R5], [@A28315R6]). In addition, a polyclonal strong response of T-helper 1 (Th1) and cytotoxic T-lymphocytes (CTL) imply that the clearance of HBV infection occurs through an adaptive immune response ([@A28315R4], [@A28315R7]).

MicroRNAs (miRNAs) principally control the mammalian immune system ([@A28315R8], [@A28315R9]). Several studies are conducted to identify and characterize the miRNAs dysregulated in the HBV related liver cancer ([@A28315R10]-[@A28315R12]). The miRNAs are short non-coding RNAs resistant to endogenous RNase activity. They regulate gene expression post-transcriptionally either by degradation of target mRNA transcripts or suppression of mRNA translation ([@A28315R13]). The miRNAs represent key factors in cancer development, since they regulate the expression of central tumor suppressor genes and oncogenes ([@A28315R14]). The importance of miRNAs in the development and function of the immune system is previously shown ([@A28315R9]). Based on the findings, alterations in the expression of some specific miRNAs are linked to the bioactive metabolite of vitamin D. For instance, DCs treated by vitamin D, showed an over-expression of miR-378 ([@A28315R15]).

The biologically active metabolite of vitamin D, 1α, 25-Dihydroxyvitamin D3 (1, 25 (OH)~2~D~3~), with its anti-inflammatory and anti-tumor function, mediates the innate and adaptive immune responses of the body to infectious diseases and tumors ([@A28315R16], [@A28315R17]). Besides its calcium and bone homeostasis activity, vitamin D also regulates the transcription of vitamin D responsive genes in various types of cells by activating the vitamin D receptor (VDR). These receptors are over expressed in popular cells of the immune system ([@A28315R18]). One of the main targets of 1, 25 (OH)~2~D~3~, are dendritic cells (DCs), the professional Antigen Presenting Cells (APCs) that capture antigens to process and present them to T cells. It is reported that 1, 25 (OH)~2~D~3~ decreases the stimulatory capacities of DCs in the activation of T cells, via downstream VDR signaling pathway that prevents excessive inflammation ([@A28315R19]). Further evidence also supports its role in the modulation of innate immunity, through the reduction of DC markers and DC-derived cytokine levels, and greater expression of IL-10 (16). Recent studies show the influence of vitamin D on clinical outcomes and spontaneous HBsAg seroclearance in CHB patients ([@A28315R20], [@A28315R21]). Earlier reports also showed an antagonistic relationship between baseline serum vitamin D status and HBV DNA levels ([@A28315R20]).

2. Objectives {#sec106303}
=============

The exact mechanism by which vitamin D achieves an anti-viral response in CHB is still undefined. Regarding the effect of vitamin D on the expression of miR-378 in DCs, the current study aimed to assess the association of plasma miR-378 and vitamin D levels with clinical and virological parameters in the patients with CHB.

3. Patients and Methods {#sec106309}
=======================

One hundred and seventy three patients with normal to elevated ALT levels of HBeAg negative CHB, visited in the Hepatitis Clinic of Shariati Hospital, Tehran, Iran, were recruited for the current study. All patients had prenatally acquired CHB, since they had a clear history of familial HBV infection with the presence of HBsAg. The study only included naive patients with CHB. Prior to performing a liver biopsy, demographic data were gathered and plasma samples were collected from all patients and stored at -70°C until subsequent analysis. Histology was graded using the modified HAI (histological activity index) scoring system ([@A28315R22]). The total HAI score is comprised of the necroinflammation grade and score of fibrosis. The study was approved by the Clinical Research Ethics Committee of Shariati Hospital affiliated to Tehran University of Medical Sciences.

3.1. Quantification of 25 (OH) D3 in the Patients' Plasma {#sec106304}
---------------------------------------------------------

The levels of 25 (OH) D3 in the patients' plasma, as the most stable form of vitamin D in the body, were measured to indicate vitamin D status in the individuals, using an Enzyme-Linked Immunosorbent Assay (ELISA) kit (EUROIMMUN, Lubeck; Germany) following the manufacturer's instructions. Plasma 25 (OH) D3 levels of \< 20 and \< 10 ng/mL were considered as insufficiency and deficiency, respectively, whereas concentrations ≥ 20 ng/mL were considered as adequate.

3.2. Quantification of HBV DNA {#sec106306}
------------------------------

The plasma levels of HBV DNA were quantified by LightCycler software version 3.5 (Roche Applied Science, Mannheim, Germany) using the RealARTTM HBV LC PCR (QIAGEN, Hilden, Germany) according to the manufacturer's instructions ([@A28315R23]) with a detection limit of 50 copies/mL.

3.3. Plasma miR-378 Quantification {#sec108747}
----------------------------------

### 3.3.1. Total RNA Isolation and cDNA Synthesis {#sec106305}

Extraction of total RNA, including small RNA from plasma samples, was carried out using the TRIzol LS Reagent (Invitrogen, UK) according to the manufacturer's protocol. The extracted RNA was eluted in 20 μL of elution buffer and the quality of RNA was measured using the NanoDrop-2000 Spectrophotometer (Thermo Fisher Scientific Inc, Wilmington, DE, USA). The range of extracted RNA was from 20 to 50 ng/μL. Reverse transcription (RT) was performed using the miScript Reverse Transcription kit (QIAGEN, Germany), following protocol based on commercial kit.

3.4. Real-Time Quantitative Polymerase Chain Reaction {#sec106307}
-----------------------------------------------------

The selected miRNA, miR-378, was amplified with primer "miR-378: ACTGGACTTGGAGTCAGAAGG" based on the miRNA sequences obtained from the miRBase database ([@A28315R24]). Real-time PCR was performed on LightCycler software version 3.5 (Roche Applied Science, Mannheim, Germany) using the miScript SYBR Green PCR kit (Qiagen, Germany). The miR-1228 was used as an endogenous control for normalization ([@A28315R25]). The Relative quantification of miR-378 in real-time RT-PCR was calculated using the cycle threshold (Ct) values and evaluated by the 2-ΔCt method \[20\], where ΔCt was calculated by deducting the Ct values of miR-1228 from the Ct values of the selected miRNA.

3.5. Statistical Analyses {#sec106308}
-------------------------

All statistical analyses were performed using the R 3.0.2 statistical software. Characteristics of the subjects were presented as means with standard deviation (SD) and medians with Inter Quartile Ranges (IQR). Associations between the variables were assessed by Spearman's rank correlation. Path regression analysis was used to detect any direct and indirect effects of 25 (OH) D3 on both HBV DNA and miR-378 expression. Chi-square test to assess the model's goodness of fit (GOF). A P value \< 0.05 was considered statistically significant.

4. Results {#sec106312}
==========

4.1. Demographic and Clinical Characteristics of Subjects {#sec106310}
---------------------------------------------------------

A total of 173 subjects, 118 (68%) males and 55 (32%) females, with HBV-related chronic hepatitis, were included in the study. The mean (SD) age of the subjects was 37 ± 9.7 years with the range of 21 to 62. Clinical characteristics of the subjects are summarized in [Table 1](#tbl27250){ref-type="table"}. The mean plasma concentrations of 25 (OH) D3 was 22.19 (8.28) ng/mL. Of the 173 subjects, 5 (3%), 67 (39%), and 101 (58%) had vitamin D deficiency, insufficiency, and adequacy, respectively. The expressions of miR-378 were measured by Real time qRT-PCR in plasma samples of all subjects against miR-1228 as a housekeeping control. The mean value (SD) of the miR-378 expression was calculated by the 2-ΔCt formula, which was 6.22 ± 9.99.

###### Clinical Characteristics of the Patients With CHB ^[a](#fn26296){ref-type="table-fn"}^

                                  Mean ± SD       Median (IQR)
  ------------------------------- --------------- --------------------
  **Age, y**                      37 ± 9.7        36 (21 - 62)
  **25 (OH)D3, ng/mL**            22.19 ± 8.28    20 (16 - 27)
  **miR-378, RQ**                 6.22 ± 9.99     2 (1 - 8)
  **ALT, U/L**                    36.81 ± 10.17   36 (29 - 41)
  **HIA score**                   4.60 ± 2.81     4 (3 - 6)
  **Log 10 HBV DNA, copies/mL**   3.94 ± 1.08     3.92 (3.20 - 4.62)

^a^ Abbreviations: ALT, alanine transaminase; and IQR, inter quartile range.

4.2. The Relationship Between Plasma Levels of HBV DNA, 25 (OH) D3 and Mir-378 {#sec106311}
------------------------------------------------------------------------------

There was a significant, inverse correlation between plasma levels of log 10 HBV DNA (copies/mL) and both 25 (OH) D3 (r = - 0.32, P \< 0.001) ([Figure 1](#fig20322){ref-type="fig"}) and miR-378 (r = - 0.24, p = 0.002). There was also a positive correlation between plasma levels of 25 (OH) D3 and miR-378 (r = 0.18, P = 0.021). HBV DNA was also significantly correlated with ALT levels (r = 0.36, P \< 0.001) and the total HAI score (r = 0.35, P \< 0.001). In addition, a significant correlation was found between the total HAI score and age (r = 0.18, P = 0.015), as well as ALT levels (r = 0.43 P \< 0.001). However HAI score showed a negative association trend with 25 (OH) D3 plasma level (r = -0.128, P = 0.092).

![The Correlation Between 25 (OH) D3 and Log 10 HBV DNA (copies/mL) Levels in Plasma by Regression Line in Scatter Plot](hepatmon-15-06-28315-i001){#fig20322}

The effect of 25 (OH) D3 on HBV DNA level was directly and indirectly analyzed through miR-378 expression. In order to reach the model's goodness of fit, the direct effect of 25 (OH) D3 and miR-378 plasma levels were adjusted for age and gender on HBV DNA levels. The p-value for the chi-square GOF was 0.803.

The results are shown in [Table 2](#tbl27251){ref-type="table"} and they revealed that 25 (OH) D3 had a significant inverse, and positive effect on HBV DNA (- 0.198, P = 0.008) and miR-378 (0.188, P = 0.013), respectively. On the other hand, plasma levels of miR-378 had a significant effect on HBV DNA levels (- 0.177, P = 0.020). The indirect effect of 25 (OH) D3 on HBV DNA levels, through miR-378, was insignificant (- 0.13, P = 0.087); however the total effect of 25 (OH) D3 on HBV DNA levels showed a significant negative association (- 0.24, P = 0.002).

###### Pathway Regression Analysis

                                       Beta (95% CI)              Standardized Beta   P Value
  ------------------------------------ -------------------------- ------------------- ---------
  **Factor associated with HBV DNA**                                                  
  25 (OH) D3                           -0.026 (-0.045 - -0.007)   \- 0.198            0.008
  miR-378 expression                   -0.019 (-0.034 - -0.003)   \- 0.177            0.020
  Age                                  0.007 (-0.009 - 0.023)     0.064               0.401
  Gender, female as reference          0.034 (-0.298 - 0.365)     0.015               0.843
  **Factor associated with miR-378**                                                  
  25 (OH) D3                           0.223 (0.046 - 0.400)      0.188               0.013

5. Discussion {#sec106313}
=============

The current study assessed the association of plasma miR-378 and vitamin D levels with clinical and virological parameters in patients with CHB. The results demonstrated that the replication of HBV is limited in patients with adequate levels of vitamin D, consistent with previous studies ([@A28315R20], [@A28315R26]).

The prolonged replication of HBV during CHB could be the main factor to develop cirrhosis and hepatocellular carcinoma (HCC) ([@A28315R27]). On the other hand, the anti-inflammatory and immune-modulatory properties of vitamin D suggest its possible role to reduce the severity of chronic hepatitis ([@A28315R26]). The beneficial effects of vitamin D in patients with CHB are highlighted in a study by Farnik et al. ([@A28315R20]), although no association between vitamin D and serum HBsAg levels were observed. The evidence revealed that other mechanisms such as an immune-mediated expression of specific miRNAs may contribute to lower replications of HBV ([@A28315R11]). There is a significant relationship between vitamin D and miRNAs, explaining the impact of vitamin D metabolites on the expression of specific miRNAs ([@A28315R8], [@A28315R15]).

In the current study it was observed that miR-378 had a rather negative association with HBV DNA. Previous studies had shown an alteration in a large number of miRNAs in chronic hepatitis as well as hepatitis-positive liver tumor specimens ([@A28315R11], [@A28315R14]). They found that increased levels of certain miRNAs may be a general response to cellular stress induced by hepatitis and its related liver disorders (cirrhosis, HCC, etc.). Based on these studies serum miR-96, miR-18a, miR-10b, miR-125a, and miR-378 were potential markers of HCC, of which miR-18a was up-regulated, while miR-378 was down-regulated during the course of HCC ([@A28315R10], [@A28315R11]). In this regard, another studies reported that miR-378, which involves in cell growth and survival, significantly increased during vitamin D treatment of APCs ([@A28315R19], [@A28315R28]), and similar to DCs, the major APCs, miR-378 is the primary cellular target and mediator of the immunomodulatory effects of 1,25 (OH)~2~D~3~; therefore, a possible link between these variables is suggested. Pedersen et al. ([@A28315R19]) showed that 1, 25 (OH)~2~D~3~ modulates the activation and survival of DC leading to the hyporesponsiveness of T-cells. Furthermore it was demonstrated that VDR signaling pathways in APC activity and T-cell-stimulatory capacities diminished by vitamin D ([@A28315R17]). Dendritic cells lacking stimulatory molecules become tolerogenic and give rise to regulatory T-cells or even induce T-cell anergy ([@A28315R6], [@A28315R29]). The current study found that patients with lower HAI scores have higher levels of vitamin D. Although this finding was not significant, it was in agreement with the published studies that contribute to the anti-inflammatory activities of vitamin D ([@A28315R8], [@A28315R26]). Active inflammation appears to be the driving force to develop fibrosis and is prominent during immune-mediated viral clearance. Accordingly the function of vitamin D in innate and adaptive immune systems emphasizes the benefits of maintaining adequate levels of this vitamin.

In summary, the study showed a significant inverse relationship between vitamin D levels and HBV replication in patients with chronic infection. The study looked for a unique miRNA "miR-378" in patients with CHB plasma, showing increased expression with higher vitamin D levels, also leading to decreased HBV replication. These finding support the effect of vitamin D on HBV DNA replication. However additional studies on patients with advanced liver fibrosis and those with high ALT levels are necessary to evaluate the potential effect of vitamin D--mediated prevention of viral replication and also the role of miRNAs in vitamin D functions.
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